Fas receptor and tumor necrosis factor receptor-1 (TNFR1) mediate the activation of acid sphingomyelinase (ASMase), which catalyzes the hydrolysis of sphingomyelin to ceramide. Ceramide acts as a second messenger in mediating cell growth, differentiation, stress response, and apoptosis. Ultraviolet (UV) irradiation induces Fas receptor and TNFR1 aggregation. However, the roles of Fas receptor and TNFR1 in mediating UV-induced ASMase activation have not been explored. In this report, we demonstrate that Fas receptor, not TNFR1, mediated UV-induced activation of ASMase. Our data indicate that ASMase activity was not induced with UV irradiation but by TNFa in MCF-7 cells that expressed low levels of Fas receptor. In contrast, ASMase was activated by UV irradiation or TNFa treatment in Fas stably transfected MCF-7 cells. Immunofluorescence staining of TNFR1 on MCF-7 cells showed that TNFR1 was aggregated after treatment with UV irradiation or TNFa. However, UV-induced aggregation of TNFR1 did not lead to induction of ASMase activity. These results suggest that Fas receptor aggregation is solely responsible for UV-induced activation of ASMase. Further, with the use of BJAB and dominant-negative Fas-associated death domain±containing protein (FADD) stably transfected BJAB cells, we demonstrated that dominant-negative FADD partly inhibited UVinduced ASMase activation. Our results suggest that FADD is involved in UV-induced and Fas-mediated signaling pathways for activation of ASMase. Mol. Carcinog. 30:47±55,
INTRODUCTION
Sphingolipids are constituents of all eukaryotic cell membranes and play important roles in cell regulation and transmembrane signaling [1, 2] . Sphingomyelin, the major membrane sphingolipid, can be hydrolyzed by sphingomyelinase to form ceramide. This process occurs in response to various agonists including Fas receptor (Fas; CD95 and Apo-1) [3] , ultraviolet (UV) light [4, 5] , tumor necrosis factor-a (TNFa) [6, 7] , g-interferon [6] , interleukin-1b [8] , nerve growth factor [9] , ionizing radiation [10] , and vitamin D3 [11] . Ceramide is involved in a novel signal transduction pathway in mammalian cells and serves as a lipid secondary messenger [12± 15] . The regulatory functions of ceramide include induction of retinoblastoma protein, which mediates the effects of ceramide on cell-cycle arrest [16] , and activation of interleukin-1b±converting enzymelike proteases, which mediate effects of ceramide on programmed cell death [17] . Ceramide regulates the mitogen-activated protein kinase cascade [18] , induction of IkBa degradation, and nuclear translocation of nuclear factor-kB [19] . Ceramide also participates in crucial cellular processes such as differentiation [11] , proliferation [20] , and apoptosis [21, 22] . At least two sphingomyelinases, acid sphingomyelinase (ASMase) and neutral sphingomyelinase (NSMase), have been described in mammalian cells [23, 24] . NSMase is a plasma membrane± bound enzyme, and the optimum pH for NSMase activity is approximately 7.4 [25] . ASMase is a lysosomal hydrolase that resides in the endosomallysosomal compartment, with an optimum pH of approximately 5.0 [26, 27] . The activity of this enzyme is de®cient in Niemann±Pick disease, an inherited disorder characterized by accumulation of sphingomyelin [28] . Fas or tumor necrosis factor receptor-1 (TNFR1), which belongs to the tumor necrosis factor receptor superfamily [29] , may mediate activation of ASMase [1, 2] . Fas-associated death domain±containing protein (FADD), a com-mon mediator of Fas-and TNFa-induced apoptosis, is involved in TNFR1-mediated ASMase activation signaling pathways. TNFa induces aggregation of TNFR1, which then binds an adaptor protein, TNFR1-associated protein with death domain, that in turn recruits and activates FADD. The activated FADD then mediates the activation of ASMase by activating caspases distinct from caspase-8 [2] . Previous reports have indicated that Fas activates ASMase with caspase-8 [30] . However, no direct evidence for the involvement of FADD in UVmediated activation of ASMase is known. Exposure of mammalian cells to UV radiation activates ASMase, which plays an important role in UVinduced signal transduction [4, 31] . UV irradiation also induces aggregation of the cell-surface receptors, including Fas and TNFR1 [32, 33] . However, the relation between UV-induced aggregation of the receptors and ASMase activation is not known. The molecular mechanism of UV-induced activation of ASMase remains unclear. In this article, we provide evidence that UV-induced ASMase activation is mediated only by Fas aggregation. In addition, FADD is involved in the activation of ASMase with UV irradiation.
M MA AT TE ER RI IA AL LS S A AN ND D M ME ET TH HO OD DS S
C Ce el ll l C Cu ul lt tu ur re e MCF-7 cells were cultured in RPMI-1640 containing 10% fetal calf serum, 2 mM L-glutamine, 100 U/ mL penicillin, and 100 mg/mL streptomycin at 37 C in an atmosphere of 5% CO 2 . Fas stably transfected MCF-7 (MCF-7-Fas) cells and dominant-negative (DN) FADD stably transfected BJAB (DN-FADD-BJAB) cells were kindly provided by Dr. Alnawaz Rehemtulla (University of Michigan Medical School). MCF-7-Fas cells were maintained in the same medium containing 0.5 mg/mL G418. DN-FADD-BJAB cells were maintained in the same RPMI medium containing 1 mg/mL G418. All culture media, sera, antibiotics, and amino acids were obtained from Life Technologies (Gaitherburg, MD) unless otherwise noted.
U UV V I Ir rr ra ad di ia at ti io on n Cells were irradiated with UV at 254 nm (UVC) with a germicidal lamp. The intensity of UVC was standardized with a UV meter (UVP Inc., Upland, CA). For low-dose (`100 J/m 2 ) UV irradiation, the intensity of UVC was set at 1.5 W/m 2 . For high-dose (100 J/m 2 ) UV irradiation, the intensity of UVC was set at 3.0 W/m 2 . Adherent cells (70±80% con¯uent on 60-mm plates) were irradiated with 200 mL of culture medium. Cells in suspension (1.5 Â 10 7 ) were pelleted, resuspended in 0.5 mL of medium, and plated on 60-mm plates for irradiation. After UV irradiation, 3 mL of medium was added to each 60-mm plate.
I Im mm mu un no o¯u uo or re es sc ce en nc ce e S St ta ai in ni in ng g Indirect immuno¯uorescence staining was performed as described previously [33] . Brie¯y, cells were seeded on microcoverslips (Fisher Scienti®c, Pittsburgh, PA) coated with 1% gelatin. After 24 h, the cells were exposed to UV radiation or treated with TNFa (Sigma Chemicals, St Louis, MO), washed twice with phosphate-buffered saline (PBS), and ®xed in 4.0% paraformaldehyde. Cells were then incubated with monoclonal anti-TNFR1 antibodies (H-5, Santa Cruz Biotechnologies, Santa Cruz, CA) at a 1:50 dilution in PBS for 1 h at room temperature. Rhodamine-conjugated goat anti±mouse immunoglobulin G (IgG; Pierce, Rockford, IL) was used as a secondary antibody, and photographs were taken with a camera mounted on a Zeiss¯uorescence microscope.
W We es st te er rn n B Bl lo ot t A An na al ly ys si is s Cells were harvested and lysed with lysing buffer (2% NP-40, 80 mM NaCl, 100 mM Tris-HCl, and 0.1% sodium dodecyl sulfate) containing 1Â Complete protease inhibitor cocktail (Roche Molecular Biochemicals, Indianapolis, IN). After centrifugation at 14 000 rpm for 10 min, supernatant fractions were collected, and the protein concentration was measured with the Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, CA). Equal amounts of protein samples were subjected to sodium dodecyl sulfate±polyacrylamide gel electrophoresis (SDS-PAGE) and electroblotted to nitrocellulose membranes. Membranes were probed with a rabbit polyclonal antibody against Fas or a mouse monoclonal antibody against TNFR1 (both from Santa Cruz Biotechnologies). After extensive washing with PBS, membranes were incubated with correlated horseradish peroxidase±conjugated secondary antibodies. Signals were detected with a SuperSignal Chemiluminescent kit according to the manufacturer's instructions (Pierce).
A As ss sa ay y f fo or r A AS SM Ma as se e Cells were harvested and washed twice with icecold PBS. To measure ASMase activity, cell pellets were resuspended in Triton lysis buffer (250 mM sodium acetate, 1 mM EDTA, pH 5, and 0.2% Triton-X 100) and sonicated. Cell debris was removed by centrifugation at 3000 Â g at 4 C. From the supernatant fractions, 100 mg of protein was incubated for 2 h at 37 C in an ASMase assay buffer (50 mL ®nal volume) containing 250 mM sodium acetate, 1 mM EDTA, (pH 5), and 2 mL of choline-methyl 14 Csphingomyeline (0.02 mCi/mL; NEN, Boston, MA). Phosphorylcholine was then extracted with 800 mL of chloroform:methanol (2:1, v/v) and 250 mL of H 2 O. Radioactive phosphorylcholine was determined in the aqueous phase by liquid scintillation counting.
R RE ES SU UL LT TS S
I In nh hi ib bi it ti io on n o of f U UV V--I In nd du uc ce ed d A AS SM Ma as se e A Ac ct ti iv va at ti io on n i in n M MC CF F--7 7 C Ce el ll ls s UV irradiation activates ASMase in many mammalian cells [4] , but our data show that UV irradiation failed to induce ASMase activity in MCF-7 cells ( Figure 1A ) but did induce ASMase activation in 293 cells (170%; Figure 1A ) and BJAB cells (300%; Figure 1A ). The time-dependent assay of ASMase activity indicated that ASMase activity increased slightly within 5 min of UV irradiation and then steadily decreased in MCF-7 cells ( Figure  1B ). These results suggest that, unlike in 293 or BJAB cells, the signaling pathways involved in UVinduced ASMase activation in MCF-7 cells are defective. Previous reports have indicated that Fas and TNFR1 mediate ASMase activation with Fas antibody and TNFa treatments [1, 34] . Because UV irradiation induced aggregation of both receptors, we next evaluated the effect of Fas antibody and TNFa on ASMase activation in MCF-7 cells. A 260% induction of ASMase activity in MCF-7 cells was observed within 10 min of TNFa treatment ( Figure  2A ), whereas anti±Fas-antibody treatment induced ASMase activity by only 15% in the same cells ( Figure 2B ). This was similar to the ASMase activity increase after UV irradiation ( Figure 1B ). These results suggest that the TNFR1-mediated ASMase activation pathway is intact but that the Fasinduced ASMase activation pathway is defective in MCF-7 cells. Fi ig gu ur re e 2 2. . T TN NF Fa a, , b bu ut t n no ot t a an nt ti i--F Fa as s a an nt ti ib bo od dy y, , i in nd du uc ce ed d a ac ct ti iv va at ti io on n o of f A AS SM Ma as se e i in n M MC CF F--7 7 c ce el ll ls s. . T TN NF Fa a± ± a an nd d a an nt ti i--F Fa as s a an nt ti ib bo od dy y± ±t tr re ea at te ed d M MC CF F--7 7 c ce el ll ls s w we er re e l ly ys se ed d, , a an nd d t th he e A AS SM Ma as se e a ac ct ti iv vi it ti ie es s i in n c ce el ll lu ul la ar r l ly ys sa at te es s w we er re e a an na al ly yz ze ed d. . A AS SM Ma as se e a ac ct ti iv vi it ti ie es s a ar re e e ex xp pr re es ss se ed d a as s p pe er rc ce en nt ta ag ge es s o of f u un nt tr re ea at te ed d c co on nt tr ro ol l c ce el ll ls s. . ( (A A) ) M MC CF F--7 7 c ce el ll ls s w we er re e t tr re ea at te ed d w wi it th h 2 25 5 n ng g/ / m mL L T TN NF Fa a ( (S Si ig gm ma a C Ch he em mi ic ca al l C Co o. ., , S St t. . L Lo ou ui is s, , M MO O) ). . T Th he e c ce el ll lu ul la ar r l ly ys sa at te es s w we er re e t th he en n p pr re ep pa ar re ed d a af ft te er r 5 5, , 1 10 0, , 1 15 5, , a an nd d 3 30 0 m mi in n o of f T TN NF Fa a t tr re ea at tm me en nt t. . ( (B B) ) M MC CF F--7 7 c ce el ll ls s w we er re e t tr re ea at te ed d w wi it th h 0 0. .1 1 m mg g/ /m mL L o of f a a r ra ab bb bi it t a an nt ti i--F Fa as s p po ol ly yc cl lo on na al l a an nt ti ib bo od dy y ( (N N--1 18 8, , S Sa an nt ta a C Cr ru uz z B Bi io ot te ec ch hn no ol lo og gi ie es s, , S Sa an nt ta a C Cr ru uz z, , C CA A) ) f fo or r 2 2 h h b be ef fo or re e t th he e c ce el ll ls s w we er re e l ly ys se ed d f fo or r t th he e A AS SM Ma as se e a ac ct ti iv vi it ty y a as ss sa ay y. .
M ME EC CH HA AN NI IS SM M O OF F U UV V--I IN ND DU UC CE ED D A AC CT TI IV VA AT TI IO ON N O OF F A AC CI ID D S SP PH HI IN NG GO OM MY YE EL LI IN NA AS SE E

TNFR1 Aggregation in MCF-7 Cells After UV Irradiation and TNFa Treatment
Because the TNFa-mediated ASMase activation signaling pathway was intact in MCF-7 cells, we examined whether UV irradiation failed to induce TNFR1 aggregation in MCF-7 cells. TNFR1 aggregation after TNFa treatment or UV irradiation was monitored with the immuno¯uorescence staining method described in Materials and Methods. Our data show that immunostaining patterns for TNFatreated and UV-irradiated cells displayed similar TNFR1 aggregation patterns that were different from the diffuse pattern of untreated cells ( Figure 3B and C vs. A). TNFa-treated and UV-irradiated cells exhibited intense clustered TNFR1-speci®c immunostaining that was detectable predominantly at the cell peripheral margins (Figure 3, arrows) . This type of staining pattern may re¯ect TNFR1 aggregation [33] . These results indicate that UV irradiation promotes TNFR1 aggregation in MCF-7 cells comparable to that induced by TNFa. However, UVinduced aggregation of TNFa did not lead to activation of ASMase as TNFa did. Our results suggest that UV-induced ASMase activation is not mediated by TNFR1.
Role of Fas Receptor in UV-Induced Activation of ASMase
Because our results suggested that TNFR1 is not involved in UV-induced ASMase activation, we investigated whether the lack of sensitivity to UVinduced activation of ASMase is due to a defective Fas-mediated signaling pathway or to the low expression of Fas in MCF-7 cells, which was reported previously [35] . To determine whether Fas in MCF-7 cells is responsible for ASMase activation with UV irradiation, we examined ASMase activity in MCF-7-Fas cells after UV irradiation. MCF-7-Fas cells showed a 100% increase in ASMase activity after 30 min of UV irradiation ( Figure 4A) , which was comparable to that observed in 293 cells and BJAB cells ( Figure 1A 
To con®rm that overexpression of Fas corrected the Fas-induced ASMase activation pathway, we examined whether anti-Fas antibody activates ASMase in MCF-7-Fas cells. Our data indicate that, with the overexpression of Fas, MCF-7 cells became sensitive to anti-Fas antibody for ASMase activation ( Figure 4C ). An approximately 150% increase in ASMase activity was observed in MCF-7-Fas cells after anti±Fas-antibody treatment ( Figure 4C ). TNFa treatment resulted in a 215% increase in ASMase activity in MCF-7-Fas cells ( Figure 4B ), similar to the inducibility of ASMase activity in MCF-7 cells (Figure 2A ). An interesting observation was that, although inducibility of ASMase with TNFa treat- Cruz Biotechnologies) for 1 h at room temperature. Rhodamineconjugated goat anti±mouse IgG was used as a secondary antibody, and photographs were taken using a camera mounted on a Zeiss uorescence microscope. Arrows indicate the aggregated form of TNFR1. ment did not signi®cantly change with overexpression of Fas, the peak time of ASMase activity was shifted and shortened. These results suggest that Fas and TNFR1 may interfere with each other's aggregation in response to various stimuli. In addition to determining the ASMase activities, we examined the expression level of Fas and TNFR1 in MCF-7 and MCF-7-Fas cells by using western blot analysis. Our data show that there was an undetectable amount of Fas in MCF-7 when compared with the higher level of expression of Fas in MCF-7-Fas cells ( Figure 5A ). However, the immunoblot analysis of TNFR1 showed an equivalent level of TNFR1 in MCF-7 and MCF-7-Fas cells ( Figure 5B ). These results suggest that UV-induced activation of ASMase in MCF-7-Fas cells is caused by increased expression of Fas.
I In nv vo ol lv ve em me en nt t o of f F FA AD DD D i in n U UV V--I In nd du uc ce ed d A Ac ct ti iv va at ti io on n o of f A AS SM Ma as se e
Because FADD is reportedly involved in TNFainduced activation of ASMase [36] , we examined whether it is also involved in UV-induced activation of ASMase. BJAB and DN-FADD-BJAB cells were used in the experiments. Both cell lines were exposed to TNFa or UV radiation for different periods ( Figure  6 ). Our data show that BJAB cells had 160% and 200% increases in ASMase activity after TNFa treatment and UV irradiation, respectively ( Figure 6A and B). However, in DN-FADD-BJAB cells, TNFainduced activation of ASMase produced a 30% increase ( Figure 6A ). These data are in agreement with previous observations that FADD is responsible for TNFa-mediated activation of ASMase [36] . UVinduced activation of ASMase produced a 40% increase ( Figure 6B ). These results suggest that FADD is also involved in UV-induced activation of ASMase.
To exclude the possibility that the lack of inducibility of ASMase with UV irradiation in DN-FADD-BJAB cells was caused by the lack of Fas expression, we analyzed Fas expression levels in 293, BJAB, and DN-FADD-BJAB cell lines before and after UV irradiation. Our data indicate that Fas expression was not decreased in DN-FADD-BJAB cells ( Figure 7 ). Our data also show that UV irradiation did not induce Fas expression in these cell lines (Figure 7) . Thus, UV-induced activation of ASMase seems to depend on the activation of Fas but does not induce Fas expression.
D DN N--F FA AD DD D P Pa ar rt tl ly y I In nh hi ib bi it te ed d F Fa as s--I In nd du uc ce ed d A Ac ct ti iv va at ti io on n o of f A AS SM Ma as se e
To con®rm that overexpression of DN-FADD inhibited the Fas-induced ASMase activation pathway, we measured the ASMase activation in 293, BJAB, and DN-FADD-BJAB cell lines after treatment with anti-Fas antibody. Our data show that the anti±Fas-antibody±induced activation of ASMase was reduced in DN-FADD-BJAB cells (Figure 8 ), which agrees with our hypothesis that UV-induced activation of ASMase occurs in the Fas signaling pathway.
D DI IS SC CU US SS SI IO ON N
Activation of ASMase plays a critical role in UVinduced JNK activation and apoptosis. However, very little is known about how UV irradiation activates ASMase. In this study, we delineated the role of Fas and TNFR1 in UV-induced activation of ASMase. Five cell lines (MCF-7, MCF-7-Fas, 293, BJAB, and DN-FADD-BJAB) were used in these studies. Relative basal activities of ASMase in these cell lines are shown in Figure 9 . Because cells have a better response to UVC than to UVB, many UV signaling studies have used UVC [4, 32] . We adapted this technique to establish our research model. Human breast cancer cell line MCF-7 had a basal ASMase activity, but no induction in ASMase activity was observed with UV irradiation. Treatment with anti-Fas antibody also did not increase ASMase activity. However, when the same cells were treated with TNFa, an approximately 250% increase in ASMase activity was observed. These data support the notion that in MCF-7 cells the Fas-mediated ASMase activation pathway is defective, whereas the TNFR1-mediated ASMase activation pathway is intact. Previous reports have provided evidence that UV irradiation results in the aggregation of Fas and TNFR1 [33] . Previous [36] and our present data also showed that TNFa-induced TNFR1 aggregation activated ASMase. Because UV irradiation failed to induce ASMase activation as TNFa did in MCF-7 cells, we examined whether UV irradiation also failed to induce TNFR1 aggregation in MCF-7 cells. Our data indicate that UV did cause TNFR1 aggregation, and the immunostaining pattern was very similar to that caused by TNFa, suggesting that UV irradiation induces TNFR1 aggregation but does not lead to the activation of ASMase as TNFa does. Based on these ®ndings, we propose that in MCF-7 cells TNFR1 is not involved in UV-induced activation of ASMase. As discussed earlier, neither UV irradiation nor anti±Fas-antibody treatment resulted in activation of ASMase. Therefore, to examine whether Fas is solely responsible for enhancement of ASMase activation with UV irradiation, we studied UVinduced ASMase activation in the MCF-7-Fas cell line. MCF-7-Fas cells showed an approximately 100% increase in ASMase activity when exposed to UV radiation. Immunoblot analysis indicated that Fas was expressed at a much higher level in MCF-7-Fas cells, whereas TNFR1 expression was not altered in these cells. These results support the hypothesis that Fas aggregation is responsible for UV-induced activation of ASMase. Because TNFa-mediated activation of ASMase is mediated by FADD [2] , we then 0 m mg g) ) w we er re e s su ub bj je ec ct te ed d t to o S SD DS S--P PA AG GE E a an nd d e el le ec ct tr ro ob bl lo ot tt te ed d t to o n ni it tr ro oc ce el ll lu ul lo os se e m me em mb br ra an ne es s. . T Th he e m me em mb br ra an ne es s w we er re e i im mm mu un no ob bl lo ot tt te ed d w wi it th h a a r ra ab bb bi it t a an nt ti i--F Fa as s p po ol ly yc cl lo on na al l a an nt ti ib bo od dy y ( (N N--1 18 8, , S Sa an nt ta a C Cr ru uz z B Bi io ot te ec ch hn no ol lo og gi ie es s) ) a an nd d a a m mo ou us se e a an nt ti i--T TN NF FR R1 1 m mo on no oc cl lo on na al l a an nt ti ib bo od dy y ( (H H--5 5, , S Sa an nt ta a C Cr ru uz z B Bi io ot te ec ch hn no ol lo og gi ie es s) ). . T Th he e m me em mb br ra an ne es s w we er re e t th he en n p pr ro ob be ed d w wi it th h a a c co or rr re el la at te ed d h ho or rs se er ra ad di is sh h p pe er ro ox xi id da as se e± ±c co on nj ju ug ga at te ed d s se ec co on nd da ar ry y a an nt ti ib bo od dy y a an nd d v vi is su ua al li iz ze ed d u us si in ng g S Su up pe er rS Si ig gn na al l C Ch he em mi il lu um mi in ne es s--c ce en nt t k ki it t a ac cc co or rd di in ng g t to o t th he e m ma an nu uf fa ac ct tu ur re e' 's s p pr ro oc ce ed du ur re e ( (P Pi ie er rc ce e, , R Ro oc ck kf fo or rd d, , I IL L) ). . A A a an nd d B B s sh ho ow w t th he e e ex xp pr re es ss si io on n l le ev ve el ls s o of f F Fa as s r re ec ce ep pt to or r a an nd d T TN NF FR R1 1 i in n M MC CF F--7 7 a an nd d M MC CF F--7 7--F Fa as s c ce el ll ls s. . examined whether FADD is also involved in UVinduced and Fas-mediated ASMase activation. We measured ASMase activities after UV irradiation in BJAB and DN-FADD-BJAB cell lines. In BJAB cells, ASMase activity increased 210% in response to UV irradiation; in DN-FADD-BJAB cells, ASMase activity increased only 45% after UV irradiation, indicating that FADD is required not only for TNFa-induced activation of ASMase but also for UV-induced and Fas-mediated activation of ASMase.
In conclusion, we have shown that UV-induced ASMase activation was mediated by Fas, not TNFR1. After UV irradiation, Fas was aggregated and recruited FADD, which was involved in UV-and TNFa-induced activation of ASMase. Together these results indicate that UV irradiation causes the aggregation of TNFR1 and Fas; however, only the aggregation of Fas leads to ASMase activation, whereas TNFR1 aggregation does not. A possible explanation for this observation could be that UV-induced TNFR1 aggregation results in the recruitment of an adaptor protein that is different from the adaptor protein recruited by TNFa-induced aggregation. If this is the case, the next challenge is to isolate and characterize the factors recruited by TNFR1 after UV irradiation and TNFa treatment. These studies may provide new approaches to induce apoptosis of UV-damaged U UV VC C. . T Th hi ir rt ty y m mi in nu ut te es s a af ft te er r i ir rr ra ad di ia at ti io on n, , t th he e c ce el ll ls s w we er re e l ly ys se ed d w wi it th h N NP P--4 40 0 l ly ys si is s b bu uf ff fe er r. . T To ot ta al l p pr ro ot te ei in ns s ( (5 50 0 m mg g) ) w we er re e l lo oa ad de ed d o on n S SD DS S--P PA AG GE E g ge el ls s, , a an nd d e el le ec ct tr ro ob bl lo ot tt te ed d o on nt to o n ni it tr ro oc ce el ll lu ul lo os se e m me em mb br ra an ne es s. . T Th he e m me em mb br ra an ne es s w we er re e i im mm mu un no ob bl lo ot tt te ed d w wi it th h a a r ra ab bb bi it t a an nt ti i--F Fa as s p po ol ly yc cl lo on na al l a an nt ti ib bo od dy y ( (N N--1 18 8, , S Sa an nt ta a C Cr ru uz z B Bi io ot te ec ch hn no ol lo og gi ie es s) ) a an nd d t th he en n p pr ro ob be ed d w wi it th h a a h ho or rs se er ra ad di is sh h p pe er ro ox xi id da as se e± ±c co on nj ju ug ga at te ed d a an nt ti i± ±r ra ab bb bi it t I Ig gG G a an nt ti ib bo od dy y. . F Fa as s e ex xp pr re es ss si io on n w wa as s v vi is su ua al li iz ze ed d u us si in ng g t th he e S Su up pe er rS Si ig gn na al l C Ch he em mi il lu um mi in ne es sc ce en nt t k ki it t ( (P Pi ie er rc ce e) ) a ac cc co or rd di in ng g t to o t th he e m ma an nu uf fa ac ct tu ur re er r' 's s p pr ro oc ce ed du ur re e. . 
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cells that may prove useful in preventing and treating UV-related skin cancers.
